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[Name of Document] SPECIFICATION 

[Title of the Invention] LIGHT BLOCKING FILM, SUBSTRATE 

WITH A LIGHT BLOCKING FILM FOR USE IN AN ELECTROOPTICAL 
APPARATUS, ELECTROOPTICAL APPARATUS, AND ELECTRONIC 
DEVICE 

[Claims] 

[Claim 1] A light blocking film comprising a metal layer 
formed of a refractory metal in the form of a simple 
substance or a metal compound, and a barrier layer disposed 
on at least one of surfaces of the metal layer, the barrier 
layer being formed of a refractory metal or a metal compound 
containing no oxygen. 

[Claim 2] A light blocking film according to claim 1, 
wherein said barrier layer is formed of a material selected 
from the group consisting of ' a* 'nitride"- compound, a silicon 
compound, a tungsten compound, tungsten, and silicon. 

[Claim 3] A light blocking film according to claim 2, 
wherein said barrier layer is formed of a nitride compound 
selected from the group consisting of SiN, TiN, WN, MoN, and 
CrN. 

[Claim 4] A light blocking film according to claim 2, 
wherein said barrier layer is formed of a silicon compound 
selected from the group consisting of TiSi, WSi, MoSi, CoSi, 
and CrSi. 

[Claim 5] A light blocking film according to claim 2, 
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wherein said barrier layer is formed of a tungsten compound 
selected from the group consisting of TiW and MoW. 

[Claim 6] A light blocking film according to claim 1, 
wherein said metal layer is formed of a simple substance of 
metal selected from the group consisting of Ti, W, Mo, Co, 
and Cr. 

[Claim 7] A light blocking film according to claim 1, 
wherein said metal layer is formed of a metal compound 
selected from the group TiN, TiW, and MoW. 

[Claim 8] A light blocking film according to one of 
claims 1 to 7, wherein the thickness of said barrier layer 
is within the range from 3 to 150 nm. 

[Claim 9] A light blocking film according to one of 
claims 1 to 8, wherein the thickness of said metal layer is 
within the range from 10 to 200 nm. 

[Claim 10] A li gh t" ' bl o c ki rig ' ' *f i % lm v 'k-cco*f d % i'n^'' : ' '6he*V o f ' : v% v - v 
claims 1 to 9, wherein said barrier layers are formed on 
both surfaces of said metal layer in a multilayer structure. 

[Claim 11] A light blocking film according to one of 
claims 1 to 10, wherein said metal layer includes a light- 
reflective metal layer and a light-absorbable metal layer. 

[Claim 12] A light blocking film according to claim 11, 
wherein said light-absorbable metal layer is formed of a 
nitride compound. 

[Claim 13] A light blocking film according to claim 11 or 
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claim 12, wherein said metal layer includes a light-blocking 
metal layer and light-absorbable metal layers disposed on 
two respective opposing surfaces of said light-blocking 
metal layer. 

[Claim 14] A light blocking film comprising a metal layer 
formed of a refractory metal in the form of a simple 
substance or a metal compound, and a protective layer formed 
of a refractory metal or metal compound which is disposed on 
at least one of surfaces of said metal layer so as to 
protect said metal layer from oxidation. 

[Claim 15] A substrate for use in an electrooptical 
apparatus, said substrate having a light blocking film 
according to one of claims 1 to 14. 

[Claim 16] An electrooptical apparatus comprising a pair 
of substrates between which an electrooptical material is 
disposed, a switching element disposed on one of the 
substrates, a light blocking film disposed at a location 
opposing the switching element, wherein the light blocking 
film comprises a metal layer formed of a refractory metal in 
the form of a simple substance or a metal compound, and a 
barrier layer disposed on at least one of surfaces of the 
metal layer, the barrier layer being formed of a refractory 
metal or metal compound containing no oxygen. 

[Claim 17] An electrooptical apparatus according to claim 
16, wherein said light blocking film is disposed between 
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said one of the substrates and said switching element, and 
said barrier layer of said light blocking layer is disposed 
on a side facing said switching element. 

[Claim 18] An electrooptical apparatus according to claim 
16 or 17, wherein said light blocking film is disposed on 
said switching element such that said light blocking film 
faces said electrooptical material. 

[Claim 19] An electrooptical apparatus according to one 
of claims 16 to 18, wherein the metal layer of said light 
blocking film includes a light blocking metal layer and a 
light-absorbable metal layer and wherein said light- 
absorbable .metal layer is disposed on a side facing said 
switching element . 

[Claim 20] An electrooptical apparatus according to one 
of claims 16 to 19, wherein said metal layer is surrounded 
by said barrier layer. 

[Claim 21] An electrooptical apparatus according to one 
of claims 16 to 20, wherein said metal layer is. formed of Ti 
and said barrier layer is formed of WSi. 

[Claim 22] An electronic device including an 
electrooptical apparatus according to one of claims 16 to 21. 
[Detailed Description of the Invention] 
[0001] 

[Technical Field of the Invention] 

The present invention relates to a light blocking film, 
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a substrate having a light blocking film for use in an 
electrooptical apparatus, an electrooptical apparatus, and 
an electronic device. In particular, the present invention 
relates to a structure of a light blocking film having 
excellent light blocking performance which is advantageous 
for use in a projection-type liquid crystal display. 
[0002] 

[Description of the Related Art] 

Fig. 15 is a cross-sectional view illustrating an 
example of a liquid crystal device. This liquid crystal 
device is formed of two transparent substrates made of glass, 
quartz or the like and a liquid crystal sealed between the 
two substrates, wherein one of the two substrates is a thin 
'■■ ; -f *i^lrti v transistor (Thin Film Transistor, hereinafter referred 
to simply as TFT) array substrate 10 and the other one is an 
opposite substrate '20 disposed at an opposing location. 
[0003] 

A plurality of pixel electrodes 9a and pixel switching 
TFTs 30 for controlling the respective pixel electrodes 9a 
are formed in the shape of a matrix on the TFT array 
substrate 10, and the source region Id of each TFT 30 is 
electrically connected via a contact hole 5 to a data line 
6a for supplying an image signal. The gate of each TFT 30 
is electrically connected to a scanning line 3a so that 
scanning signals in the form of pulses are sequentially 
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supplied over the scanning line 3a in accordance with 
predetermined timing. The pixel electrode 9a is 
electrically connected to the drain region le of the pixel 
switching TFT 30 via a contact hole 8 so that when the pixel 
switching TFT 30 serving as a switching device is closed for 
a predetermined period of time, the image signal supplied 
via the data line 6a is written into the pixel. 
[0004] 

The image signals with particular signal levels are 
applied to a liquid crystal via the respective pixel 
electrodes 9a, and the image signals are retained between 
the pixel electrodes 9a and an opposite electrode 21 formed 
on the opposite substrate 20 over a predetermined period of 
time. In general, in order to prevent leakage of the image 
signals, a storage capacitor is added in parallel to liquid 
crystal capacitance formed between the pixel electrode 9a 
and the opposite electrode 21. Herein, the storage 
capacitor is formed using a capacitor line 3b which is an 
interconnection line provided for formation of the storage 
capacitor. Furthermore, an alignment film 16 subjected to 
an alignment treatment such as rubbing is disposed on the 
pixel electrode 9a. [0005] 

As shown in Fig. 15, a first light blocking film 11a 
formed of WSi (tungsten silicide) is disposed at a location 
corresponding to each pixel switching TFT 30 on the surface 
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of the TFT array substrate 10. 
[0006] 

This first light blocking film 11a prevents light 
returning from the TFT array substrate 10 from being 
incident upon the channel region la 1 or the LDD region lb or 
lc of the pixel switching TFT 30, 

[0007] 

A first interlayer insulating film (insulator layer) 12 
for electrically isolating the semiconductor layer la from 
the first light blocking film 11a is disposed between the 
first light blocking film 11a and the pixel switching TFT 30. 
A second interlayer insulating film 4 is formed on the TFT 
array substrate 10 including the scanning line 3a and the 
insulating film 2, wherein contact holes 5 reaching the 
respective heavily doped source regions Id and contact holes 
8 reaching the respective heavily doped drain regions le are 
formed in the second interlayer insulating film 4 . 
Furthermore, a third interlayer insulating film 7 having a 
contact hole 8 formed therein for connection to the heavily 
doped drain region le is formed on the data line 6a and the 
second interlayer insulating film 4. 
[0008] 

In this liquid crystal device, a storage capacitor 70 
is formed by extending the insulating thin film 2 from a 
location under the scanning line 3a so that the extended 
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part of the insulating thin film 2 serves as a dielectric 
film, and extending the semiconductor film la so that the 
extended part of the semiconductor film la serves as a first 
storage capacitor electrode If, and furthermore employing, 
as a second storage capacitor electrode, a part of the 
capacitor line 3b at a location corresponding to the first 
storage capacitor electrode If and the dielectric film. 
[0009] 

On the other hand, an opposite electrode (common 
electrode) 21 is disposed over the entire surface of the 
opposite substrate 20, and, furthermore, an alignment film 
22 subjected to an alignment treatment such as rubbing is 
disposed on the opposite electrode 21. Furthermore, in each 
pixel on the opposite substrate 20, a second light blocking 
film 23 is disposed in an area other than the display area. 
The'-secohd light blocking film 23 is also called a black 
matrix and serves to prevent light incident from the side of 
the opposite substrate 20 from intruding into the channel 
region la', the source region lb or Id, or the drain region 
lc or le of the semiconductor layer la of the pixel 
switching TFT 30. 

[0010] 

A liquid crystal is sealed in a space between the TFT 
array substrate 10 and the opposite substrate 20 which are 
constructed in the above-described manner and disposed such 
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that the pixel electrodes 9a and the opposite electrode 21 
face each other, thereby forming a liquid crystal layer 50 
therein. 

[0011] 

[Problems to be Solved by the Invention] 

In the liquid crystal device using the first light 
blocking film 11 formed of WSi, the light blocking film 
still has transmittance of about 1.2% even when the WSi film 
has as large a thickness as 200 nm, and it is desirable to 
obtain a light blocking film having a greater ability to 
block light. 
[0012] 

One problem in the liquid crystal device including 
switching devices is that an undesirable photocurrent is 
generated in the switching devices by return light and thus 
degradation occurs in the characteristic such as the 
switching performance of the switching devices. In 
particular, when such a liquid crystal device is used in an 
apparatus including a high-intensity light source such as a 
projector, the problem of undesirable photocurrent caused by 
return light is significant. 

[0013] 

In order to avoid the above problem, it has been 
proposed that Ti (titanium) which is a material having a 
good characteristic in terms of the ability to block light 



- 10 - 



is used to form the first light blocking film 11a. However, 
after forming the first light blocking film 11a, if a high- 
temperature treatment is performed at a temperature higher 
than 500°C to form an insulating film or for the purpose of 
annealing during the process of forming the switching 
devices, Ti of the first light blocking film 11a chemically 
reacts with an insulating film containing oxygen, such as 
Si0 2/ in contact with Ti . As a result of the chemical 
reaction, an oxide film is formed. The formation of the 
oxide film results in degradation in the ability of Ti to 
block light. This means that use of Ti does not always 
result in good performance in terms of the ability to block 
light. 

[0014] 

In view of the problems described above, it is an 
object of the present invention to provide a light blocking 
film having excellent light blocking performance. 

[0015] 

It is another object of the present invention to 
provide a substrate having a high-performance light blocking 
film for use in an electrooptical apparatus. It is still 
another object of the present invention to provide an 
electrooptical apparatus and an electronic device. 

[0016] 

[Means for Solving the Problems] 
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To achieve the above objects, the present invention 
provides a light blocking film comprising a metal layer 
formed of a refractory metal in the form of a simple 
substance or a metal compound, and a barrier layer disposed 
on at least one of surfaces of the metal layer, the barrier 
layer being formed of a refractory metal or a metal compound 
containing no oxygen. 

[0017] 

In this light blocking film, when a heat treatment is 
performed at a high temperature after forming the light 
blocking film, oxidation of the metal layer of the light 
blocking film is suppressed by the barrier layer which is 
formed, on the side in contact with an insulating film such 
as SiC>2 containing oxygen, using the refractory metal or the 
refractory metal compound containing no oxygen, thereby 
ensuring that the light blocking film has high capability of 
blocking light. 

[0018] 

The thickness of the light blocking film may be a 
smaller than the thickness of the conventional light 
blocking film using WSi . This makes it possible to reduce 
the etching time in a process of forming the light blocking 
film compared with an etching time required to form a 
conventional light blocking film. Furthermore, it becomes 
possible to increase the life of a sputtering target and to 
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reduce the amount of gas used to form the light blocking 
film. 

[0019] 

In the light blocking film according to the present 
invention, the barrier layer is preferably formed of a 
material selected from the group consisting of a nitride 
compound, a silicon compound, a tungsten compound, tungsten, 
and silicon. 

[0020] 

Preferable examples of the nitride compounds used to 
form the barrier layer include SiN (silicon nitride) , TiN 
(titanium nitride) , WN (tungsten nitride) , MoN (molybdenum 
nitride) , and CrN (chromium nitride) . 

[0021] 

Preferable examples of the silicon compounds used to 
form the barrier layer include TiSi (titanium silicide) , WSi 
(tungsten silicide) , MoSi (molybdenum silicide) , CoSi 
(cobalt silicide) , and CrSi (chromium silicide) . 

[0022] 

Preferable examples of the tungsten compounds used to 
form the barrier layer include TiW (titanium tungsten) and 
MoW (molybdenum tungsten) . 

[0023] 

In the light blocking film according to the present 
invention, by forming the barrier layer using a material 
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selected from the group consisting of a refractory nitride 
compound, silicon compound, and tungsten compound it becomes 
possible to more effectively prevent the material of the 
metal layer from being oxidized by a reaction with an 
insulating film in contact with the light blocking film, 
thereby more effectively suppressing the degradation in the 
light blocking performance of the light blocking film during 
the high-temperature treatment. 
[0024] 

The metal layer may be formed of a simple substance of 
metal selected from the group consisting of Ti (titanium) , W 
(tungsten), Mo (molybdenum), Co (cobalt), and Cr (chromium). 
[0025] 

The metal layer may be formed of a metal compound 
selected from the group consisting of TiN (titanium nitride) , 
TiW (titanium tungsten) , and MoW (molybdenum tungsten) . 

[0026] 

In the light blocking film according to the present 
invention, use of a preferable material selected from the 
group consisting of metals or metal oxides described above 
makes it possible to further improve the light blocking 
ability of the light blocking film. 

[0027] 

Preferably, the thickness of the barrier layer is 
selected within the range from 3 to 150 nm. 
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[0028] 

By forming the light blocking film in the above- 
described manner, it becomes possible to sufficiently 
suppress degradation in terms of the capability of blocking 
light during the high-temperature heat treatment, and it 
becomes possible to provide a high-quality light blocking 
film which does not cause a substrate to be bent 
significantly. 

[0029] 

Preferably, the thickness of the metal layer is 
selected within the range from 10 to 200 nm. 
[0030] 

This makes it possible to provide a light blocking film 
having a small thickness. In particular, when the light 
blocking film is used in a liquid crystal device, the height 
of steps on the surface of the alignment film created by the 
presence of the light blocking film can be minimized, and 
thus alignment failures of the liquid crystal can be 
suppressed . 

[0031] 

In the light blocking film according to the present 
invention, barrier layers are formed on two respective 
surfaces of the metal layer in a multilayer structure. 

[0032] 

By forming the .light blocking film in. the above- 
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described manner, it becomes possible to protect both 
surfaces of the metal layer by the barrier layers, thereby 
ensuring that the material of the metal layer is prevented 
from oxidized in a more effective manner, and thus ensuring 
that the light blocking film does not encounter significant 
degradation in the light blocking ability during the high- 
temperature heat treatment. 
[0033] 

In the light blocking film according to the present 
invention, the metal layer may include a light-reflective 
metal layer and a light-absorbable metal layer. 

[0034] 

By forming the light blocking film in the above- 
described manner, it becomes possible for the resultant 
light blocking film to have capabilities of reflecting and 
absorbing light. 
[0035] 

Preferably, the light-absorbable metal layer is formed 
of a nitride compound. 
[0036] 

In the light blocking film according to the present 
invention, the metal layer may include a light-blocking 
metal layer and light-absorbable metal layers disposed on 
two respective opposing surfaces of the light-blocking metal 
layer . 
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[0037] 

The present invention also provides a light blocking 
film comprising a metal layer formed of a refractory metal 
in the form of a simple substance or a metal compound, and a 
protective layer formed of a refractory metal or metal 
compound which is disposed on at least one of surfaces of 
the metal layer so as to protect the metal layer from 
oxidation. 

[0038] 

The light blocking film according to the present 
invention can be advantageously applied to a substrate for 
use in an electrooptical apparatus, 

[0039] 

The present invention also provides an electrooptical 
apparatus comprising a pair of substrates between which an 
electrooptical material is disposed, a switching element 
disposed on one of the substrates, a light blocking film 
disposed at a location opposing the switching element, 
wherein the light blocking film comprises a metal layer 
formed of a refractory metal in the form of a simple 
substance or a metal compound, and a barrier layer disposed 
on at least one of surfaces of the metal layer, the barrier 
layer being formed of a refractory metal or metal compound 
containing no oxygen. 

[0040] 
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By forming the electrooptical apparatus in the above- 
described manner, the resultant electcrooptical apparatus 
has excellent performance in terms of blocking light, 

[0041] 

In the electrooptical apparatus according to the 
present invention, the light blocking film may be disposed 
between the one of the substrates and the switching element, 
and the barrier layer of the light blocking layer may be 
disposed on a side facing the switching element. 

[0042] 

In this electrooptical apparatus, the surface sensitive 
to a high-temperature treatment is protected with the 
barrier layer thereby preventing the metal layer from 
significant oxidation during a production process. 

[0043] 

The light blocking film may be disposed on the 
switching element such that the light blocking film faces 
the electrooptical material. 

[0044] 

This makes it possible for the electrooptical apparatus 
to have high performance in the terms of blocking light to 
the switching element. Furthermore, by disposing light 
blocking films on both upper and lower sides of the 
switching element, it becomes possible to more effectively 
prevent light from intruding into the switching element and 
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thus prevent the switching element from encountering 
generation of an undesirable photocurrent . 
[0045] 

The metal layer of the light blocking film may include 
a light blocking metal layer and a light-absorbable metal 
layer, and the light-absorbable metal layer may be disposed 
on a side facing the switching element, 

[0046] 

This prevents internal reflection from the light 
blocking film to the switching element, thereby achieving a 
further improvement in reliability of the operation of the 
switching element • 

[0047] 

The metal layer may be surrounded by the barrier layer. 
[0048] 

This perfectly prevents the oxidation of the metal 
layer . 

[0049] 

Preferably, the metal layer is formed of Ti, and the 
barrier layer is formed of WSi. 
[0050] 

The present invention also provides an electronic 
device including the electrooptical apparatus described 
above . 

[0051] 
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Use of the electrooptical apparatus in the electronic 
device makes it possible to use a high-intensity light 
source without causing generation of an undesirable 
photocurrent . 
[0052] 

[Description of the Embodiments] 
[First Embodiment] 

A first embodiment of the present invention is 
described below with reference to Figs. 1 to 3 . 
[0053] 

In this first embodiment described below, a light 
blocking film according to the present invention is 
disclosed, wherein the light blocking film is formed on a 
substrate for use in an electrooptical apparatus. In 
particular, in this embodiment, the light blocking film is 
applied to a liquid crystal device that is an example of an 
electrooptical apparatus . 

[0054] 

Fig. 1 is a diagram showing an equivalent circuit of 
interconnections and various elements of pixels disposed in 
the form of an array in an image display area (pixel area) 
of the liquid crystal device. Fig. 2 is an enlarged plan 
view illustrating a plurality of adjacent pixels on a TFT 
array substrate on which data lines, scanning liens, pixel 
electrodes, a light blocking film, and other elements are 



- 20 - 



formed. Fig. 3 is a cross-sectional view taken along line 
A- A 1 of Fig. 2. In Fig. 3, in order to provide an easily 
understandable view, the respective layers and members are 
drawn in different magnification ratios. 
[0055] 

In Fig. 1, in the image displaying area (pixel area) of 
the liquid display device of the present embodiment, there 
are a plurality of pixels disposed in the form of a matrix. 
Each pixel includes a pixel electrode 9a and a TFT 
(transistor) 30 for controlling the pixel electrode 9a. A 
data line 6a for supplying an image signal is electrically 
connected to the source of the TFT 30. Image signals SI, 
S2,..., Sn may be supplied over the data lines 6a in a line- 
by-line fashion in the order of SI, S2,..., Sn, or may be 
supplied in a group-by-group fashion wherein each group 
consists of a plurality of adjacent data lines 6a. The gate 
of each TFT 30 is electrically connected to one of scanning 
lines 3a, and scanning signals Gl, G2,..., Gm are applied to 
the scanning lines 3a with predetermined timing on a line- 
by-line basis in the order Gl, G2,..., Gm. The drains of 
the respective TFT 30s are electrically connected to 
corresponding pixel electrodes 9a so that when the TFTs 30 
serving as switching elements are closed for a predetermined 
period with predetermined timings, the image signals SI, 
S2,..., Sn supplied via the data lines 6a are applied to the 
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pixel electrodes 9a, 
[0056] 

The image signals SI, S2,..., Sn with particular signal 
levels are applied to a liquid crystal via the respective 
pixel electrodes 9a, and the image signals are retained 
between the pixel electrodes 9a and corresponding opposite 
electrodes (which will be described later) formed on an 
opposite substrate (which will be described later) over a 
predetermined period of time. The orientation of molecules 
of the liquid crystal changes depending upon the level of 
the applied voltage, and thus light is modulated so that an 
image with various intensity levels is displayed. In the 
case of a normally white mode, the amount of light passing 
through the liquid crystal decreases with increasing applied 
voltage. On the other hand, in the case of a normally black 
mode, the amount of light passing through the liquid crystal 
increases with increasing applied voltage. In any case, as 
a whole, light having contrast corresponding to an image 
signal is output from the liquid crystal device. In order 
to prevent leakage of the image signals, a storage capacitor 
70 is added in parallel to liquid crystal capacitance formed 
between the pixel electrode 9a and the opposite electrode. 
The voltage applied to each pixel electrode 9a is retained 
in the corresponding storage capacitor 70 for a period of 
time which is, for example, three orders of magnitude longer 
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than the period of time during which the source voltage is 
applied. This allows a further improvement in the holding 
characteristic and it becomes possible to realize a liquid 
crystal device having a high contrast ratio. In particular, 
in the present embodiment, the storage capacitor 70 is 
formed using a low-resistance capacitor line 3b formed of 
the same layer as the scanning line as will be described 
later or formed of a light blocking film having electrical 
conductivity . 
[0057] 

The planar structure of the pixel area (image display 
area) of the TFT array substrate is described in detail with 
reference to Fig. 2. As shown in Fig. 2, a plurality of 
transparent pixel electrodes 9a (whose outline is 
represented by broken lines 9a ') are disposed in the form of 
a matrix in a pixel area on a TFT array substrate of the 
liquid crystal device, and data lines 6a, scanning lines 3a, 
and capacitor lines 3b are disposed along the vertical and 
horizontal boundaries between adjacent pixel electrodes 9a. 
A source region of a semiconductor layer la formed of 
monocrystalline silicon is electrically connected to a data 
line 6a via a contact hole 5, and a drain region of the 
semiconductor layer la is electrically connected to a pixel 
electrode 9a via a contact hole 8. The scanning lines 3a 
are disposed at locations corresponding to channel regions 
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(hatched with lines diagonally extending from lower left to 
upper right in the figure) of the semiconductor layer la so 
that the scanning lines 3a also serve as gate electrodes. 
[0058] 

Each capacitor line 3b includes a main part extending 
in the form of a straight line along a corresponding 
scanning line 3a (that is, a first part extending along the 
corresponding scanning line 3a in the plan view) and also 
includes a branch extending toward a preceding stage (in an 
upward direction in the figure) along a data line 6a from a 
location at which the main part crosses the data line 6a 
(that is, a second part extending along the data line 6a in 
the plan view) . 

[0059] 

Furthermore, a plurality of first light blocking films 
111 are formed in an area hatched with diagonal lines 
extending to upper right in the figure. More specifically, 
each first light blocking film 111 is formed such that a 
corresponding TFT including a channel region of a 
semiconductor layer la in the pixel area is covered with the 
first light blocking film 111 when viewed from the side of 
the TFT array substrate, and each first light blocking film 
111 includes a main part in the form of a straight light 
extending in opposition to the main part of the capacitor 
line 3b and along a corresponding scanning line 3a and also 
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includes a branch extending toward an adj acent . following 
stage (in a downward direction in the figure) along a 
corresponding data line 6a from a location at which the main 
part crosses the data line 6a. The end of the downwardly 
extending branch of the first light blocking film 111 in 
each stage (pixel line) overlaps, below the data line 6a, 
with the end of the upwardly extending branch of the 
capacitor line 3b in the following stage. In this 
overlapped part, a contact hole 13 is formed to electrically 
connect the first light blocking film 111 and the capacitor 
line 3b with each other. That is, in the present embodiment, 
the first light blocking film 111 is electrically connected 
via a contact hole 13 to the capacitor line 3b in a 
preceding or following stage. 
[0060] 

In the present embodiment, the first light blocking 
film 111 is formed not only in the pixel area but also in 
areas (peripheral areas) which are outside the pixel area 
and in which blocking of light is not necessary, such as a 
sealing area in which a sealing material for adhesively 
bonding the opposite electrode substrate is coated, and a 
terminal pad area in which terminals for connections of 
input/output signal lines are formed, wherein the light 
blocking film 111 in the areas outside the pixel area is 
also formed in a two-dimensional fashion similar to that in 
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the pixel area. This allows both the pixel area and the 
peripheral areas outside the pixel area to become similar to 
each other in terms of the difference in level caused by 
steps. This makes it possible to uniformly planarize an 
insulating layer formed on the first light blocking film 111 
by means of polishing, thereby making it possible to 
adhesively bond the monocrystalline silicon layer in a 
desirable fashion . 
[0061] 

The cross-sectional structure of the pixel area of the 
liquid crystal device is described below with reference to 
Fig. 9. As shown in Fig. 9, the liquid crystal device 
includes the TFT array substrate 10 serving as an example of 
a transparent substrate and also includes the opposite 
substrate 20 disposed at a location opposing the TFT array 
substrate 10. The TFT array substrate 10 is made of for 
example a quartz substrate or hard glass, and the opposite 
substrate 20 is made of for example a glass substrate or a 
quartz substrate. The TFT array substrate 10 includes the 
pixel electrodes 9a formed thereon, and an alignment film 16 
which has been subjected to an alignment treatment such as 
rubbing is disposed on the pixel electrodes 9a. The pixel 
electrodes 9a are made of a transparent conducting film such 
as an ITO (indium tin oxide) film. The alignment film 16 
may be formed of a thin organic film such as a thin 
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polyimide film, 
[0062] 

On the other hand, an opposite electrode (common 
electrode) 21 is disposed over the entire surface of the 
opposite substrate 20, and, furthermore, an alignment film 
22 subjected to an alignment treatment such as rubbing is 
disposed on the opposite electrode 21. The opposite 
electrode 21 may be made of a transparent conductive film 
such as an ITO film. The alignment film 22 may be formed of 
a thin organic film such as a thin polyimide film. 
[0063] 

On the TFT array substrate 10, as shown in Fig. 9, 
pixel switching TFTs 30 for switching the pixel electrodes 
9a are disposed at locations adjacent to the respective 
pixel electrodes 9a. 

[0064] 

Furthermore, as shown in Fig . 9, on the opposite 
substrate 20, a second light blocking film. 23 is formed in 
an area in each pixel other than the opening area. The 
second light blocking film 23 serves to prevent light 
incident from the side of the opposite substrate 20 from 
intruding into the channel region la or the LDD (Lightly 
Doped Drain) region lb or lc of the semiconductor layer la 
of the pixel switching TFTs 30. The second light blocking 
film 23 also serves to improve the contrast and prevent 
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different colorants from being mixed. 
[0065] 

Between the TFT array substrate 10 and the opposite 
substrate 20 which are constructed in the above-described 
manner and disposed such that the pixel electrodes 9a and 
the opposite electrode 21 face each other, a liquid crystal 
is sealed in a space enclosed by a sealing material 52 so as 
to form a liquid crystal layer 50. When no electric field 
is applied to the liquid crystal layer 50 by the pixel 
electrodes 9a, the liquid crystal layer 50 is oriented in a 
particular direction by the alignment films 16 and 22. The 
liquid crystal layer 50 may consist of, for example, one 
type of nematic liquid crystal or a mixture of two or more 
types of nematic liquid crystals. The sealing material 52 
is an adhesive such as a photosetting or thermosetting resin 
for adhesively bonding two substrates 10 and 20 with each 
other along their perimeters, wherein the sealing material 
52 contains spacers such as glass fibers or glass beads for 
spacing the two substrates a predetermined distance apart 
from each other. 

[0066] 

On the surface of the TFT array substrate 10, as shown 
in Fig. 3, the first light blocking film 111 is disposed at 
locations corresponding to the respective pixel switching 
TFTs 30. The first light blocking film 111 includes a metal 
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layer Ml disposed on the TFT array substrate 10 and a 
barrier layer Bl disposed on the metal layer Ml . 
[0067] 

The barrier layer Bl is formed of a refractory metal or 
metal compound containing no oxygen. More specifically, the 
barrier layer Bl is formed of a material selected from the 
group consisting of nitride compounds/ silicon compounds, 
tungsten compounds, tungsten, and silicon. 

[0068] 

Preferable examples of the nitride compounds include 
SiN (silicon nitride), TiN (titanium nitride), WN (tungsten 
nitride) , MoN (molybdenum nitride) , and CrN (chromium 
nitride) . Preferable examples of the silicon compounds 
include TiSi (titanium silicide) , WSi (tungsten silicide) , 
MoSi (molybdenum silicide), CoSi (cobalt silicide), and CrSi 

(chromium silicide) . Preferable examples of the tungsten 
compounds include TiW (titanium tungsten) and MoW 

(molybdenum tungsten) . A. preferable example of silicon is 
non-doped silicon . 
[0069] 

The thickness of the barrier layer Bl is preferably set 
within the range from 3 to 150 nm, and more preferably from 
20 to 30 nm. It is undesirable that the thickness of the 
barrier layer Bl be set to be smaller than 3 nm, because the 
barrier layer Bl with such a small thickness cannot 
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sufficiently prevent degradation in the light blocking 
performance due to oxidation of the metal layer during a 
high-temperature treatment. On the other hand, it is also 
undesirable to set the thickness of the metal layer Ml to a 
value greater than 200 nm, because the TFT array substrate 
10 is bent to a large degree and thus degradation occurs in 
the image quality of the liquid crystal device. The barrier 
layer Bl also serves as a protective layer for preventing 
the metal layer from being oxidized. 
[0070] 

The metal layer Ml is made of a metal in the form of a 
simple substance or a metal compound having the ability to 
block light, wherein the metal layer Ml will have 
degradation in the light blocking performance if the metal 
is oxidized as a result of reaction with the insulating 
layer of Si0 2 . 

[0071] 

Preferable examples of the metal in the form of a 
simple substance include Ti (titanium), W (tungsten), Mo 
(molybdenum), Co (cobalt), and Cr (chromium). Preferable 
examples of the metal compound include TiN (titanium 
nitride) , TiW (titanium tungsten) , and MoW (molybdenum 
tungsten) . 

[0072] 

Preferably, the thickness of the metal layer Ml is set 
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within the range from 10 to 200 nm. It is undesirable to 
set the thickness of the metal layer Ml to a value smaller 
than 10 nm, because good light blocking performance cannot 
be obtained. It is also undesirable to set the thickness of 
the metal layer Ml to a value greater than 200 nm, because 
such a large thickness of the metal layer Ml causes the TFT 
array substrate 10 to be bent to a large degree, and thus 
degradation occurs in the image quality of the liquid 
crystal device. 
[0073] 

A first interlayer insulating film (insulator layer) 12 
is disposed between the first light blocking film 111 and 
the respective pixel switching TFTs 30 so that the 
semiconductor layer la forming each pixel switching TFT 30 
is electrically isolated from the first light blocking film 
111 by the first interlayer insulating film 12. The first 
interlayer insulating film 12 is formed over the entire 
surface of the TFT array substrate 10, wherein the surface 
thereof is planarized by means of polishing so as to 
eliminate the steps of the pattern of the first light 
blocking film 111. 

[0074] 

The first interlayer insulating film 12 is formed of, 
for example, high isolation glass such as NSG (non-doped 
silicate glass, PSG (phosphosilicate glass) , BSG 
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(boronsilicate glass) , or BPSG (boronphosphosilicate glass) , 
or silicon oxide or silicon nitride. The first interlayer 
insulating film 12 also serves to prevent the pixel 
switching TFTs 30 from being contaminated by the first light 
blocking film 111. 
[0075] 

In the present embodiment/ a storage capacitor 70 is 
formed by extending the insulating thin film 2 from a 
location under the scanning line 3a so that the extended 
part of the insulating thin film 2 serves as a dielectric 
film, and extending the semiconductor film la so that the 
extended part of the semiconductor film la serves as a first 
storage capacitor electrode If, and furthermore employing, 
as a second storage capacitor electrode, a part of the 
capacitor line 3b at a location corresponding to the first 
storage capacitor electrode If and the dielectric film. 

[0076] 

More specifically, the heavily doped drain region le of 
the semiconductor layer la is extended under the data line 
6a and the scanning line 3a, and the heavily doped drain 
region le of the semiconductor layer la is also extended so 
as to oppose the capacitor line 3b extending along the data 
line 6a and the scanning line 3a thereby forming a first 
storage capacitor electrode (semiconductor layer) If. 
Because the insulating film 2 serving as the dielectric film 
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of the storage capacitor 70 is realized using the same layer 
as the gate insulating film 2 of the TFT 30 wherein the gate 
insulating film 2 is formed on a monocrystalline silicon 
layer by means of high temperature oxidation, the insulating 
film 2 can be formed so as to be thin and so as to have a 
high breakdown voltage. This makes it possible to realize 
the storage capacitor 70 having a large capacitance in a 
rather small area. 
[0077] 

Furthermore, in the storage capacitor 70, as can be 
seen from Figs. 2 and 3, on the side opposite to the 
capacitor line 3b serving as the second storage capacitor 
electrode, a part of the first light blocking film 111 is 
disposed so as to face the first storage capacitor electrode 
If via the first interlayer insulating film 12 and thus so 
as to serve as a third storage capacitor electrode (in the 
storage capacitor 70 on the right side of Fig. 3) thereby 
increasing the storage capacitance. That is, in the present 
embodiment, the storage capacitor is constructed into a 
double storage capacitor structure in which storage 
capacitors are formed on both sides of the first storage 
capacitor electrode If, thereby achieving an increase in the 
storage capacitance. This allows the liquid crystal device 
to have an enhanced capability of preventing flicker or 
ghosting from occurring in a displayed image. 
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[0078] 

That is, it is possible to increase the storage 
capacitance of the pixel electrode 9a by making effective 
use of a space, other than the open area, such as an area 
under the data line 6a or an area (where the capacitor line 
3b is formed) along the scanning line 3a in which 
disclination occurs in the liquid crystal. 

[0079] 

In the present embodiment, the first light blocking 
film 111 (and the capacitor line 3b electrically connected 
thereto) is electrically connected to a constant voltage 
source so that the first light blocking film 111 and the 
capacitor line 3b are maintained at a constant voltage. 
Therefore, the voltage variation of the first light blocking 
film 111 does not exert an adverse effect on the pixel 
switching TFTs 30 disposed at locations opposing the first 
light blocking film 111. Furthermore, the capacitor line 3b 
can function as a good second electrode of the storage 
capacitor 70. The constant voltage source used for the 
above purpose may be selected from the group consisting of 
the negative and positive constant voltages supplied to a 
peripheral circuit (such as the scanning line driver circuit 
or the data line driver circuit) for driving the liquid 
crystal device, the ground voltage, and the constant voltage 
supplied to the opposite electrode 21. By employing a power 
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supply in the peripheral circuit, it becomes possible to 
maintain the first light blocking film 111 and the capacitor 
line 3b at a constant voltage without having to provide an 
additional dedicated voltage interconnection or an external 
input terminal. 
[0080] 

In the present embodiment, as described above with 
reference to Figs. 2 and 3, the first light blocking film 
111 is formed on the TFT array substrate 10 and electrically 
connected via a contact hole 13 to the capacitor line 3b at 
the preceding or following stage. Thus, compared with the 
case in which each first light blocking film 111 is 
electrically connected to the capacitor line at the 
following stage, the level difference caused by steps is 
decreased between the area where the capacitor line 3b and 
the first light blocking film 111 are formed along the edge 
of the open area of the pixel area such that they overlap 
with the data line 6a and the other areas. The reduction in 
the level difference caused by the steps allows a reduction 
in disclination (alignment failure) created in the liquid 
crystal by the level difference. This makes it possible to 
increase the open area of the pixel area. 

[0081] 

As described earlier, the first light blocking film 111 
has a contact hole 13 formed in the branch thereof branching 
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from the main part extending in the form of a straight line. 
It is known that creation of a crack can be suppressed by 
forming the contact hole 13 at a location close to the edge 
so that stress diverges from the edge. The stress imposed 
upon the first light blocking film 111 during the production 
process is reduced depending upon how close the location of 
the contact hole 13 is to the edge of the branch (preferably 
the contact hole 13 is formed at a location as close to the 
edge as allowed by the margin) , thereby preventing a crack 
from being created and thus allowing an increase in the 
production yield. 
[0082] 

The capacitor line 3b and the scanning line 3a are 
formed of the same polysilicon film, the dielectric film of 
the storage capacitor 70 and the gate insulating film 2 of 
the TFT 30 are formed of the same high-temperature oxide 
film, and the first storage capacitor electrode If, the 
channel region la, the . source region Id and the drain region 
le of the TFT 30 are formed in the same semiconductor layer 
la, and thus the multilayer structure formed on the TFT 
array substrate 10 is simplified. Furthermore, in the 
production of the liquid crystal device, the capacitor line 
3b and the scanning line 3a can be formed at the same time 
in the same thin-film formation step, and the dielectric 
film of the storage capacitor 70 and the gate insulating 
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film 2 can be formed at the same time. 
[0083] 

Furthermore, as shown in Fig. 2, the first light 
blocking film 111 extends along the respective scanning 
lines 3a, and is divided into a plurality of stripes along 
the data lines 6a. This allows a great reduction in the 
stress in the multilayer structure including the first light 
blocking film 111, the scanning line 3a, the capacitor line 
3b, the data line 6a, and the interlayer insulating film, 
which occurs due to differences in physical properties among 
the respective films during heating or cooling during the 
production process, compared with the case in which light 
blocking film is formed in the shape of a lattice 
surrounding the open area of each pixel. This makes it 
possible to prevent a crack from being created in the first 
light blocking film 111, and thus an increase in the 
production yield is achieved. 

[0084] 

Although in the example shown in Fig. 2, the main 
straight-line part of the first light blocking film 111 is 
formed so as to overlap with the main straight-line part of 
the capacitor line 3b, the main straight-line part of the 
first light blocking film 111 is not limited to such a 
location as long as the channel region of the TFT 30 is 
covered with the first light blocking film 111 and the first 
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light blocking film 111 overlaps, at some location, with the 
capacitor line 3b so that the contact hole 13 can be formed 
in the overlapped part, thereby ensuring that the TFT is 
protected from illumination of light and that the 
capacitance line has low resistance. This means that the 
first light blocking film 111 may also be formed in an 
elongated gap extending, in a direction along a scanning 
line, between the adjacent scanning line 3a and the 
capacitor line 3b, or may be formed even in an area slightly 
apart from the scanning line 3a. 
[0085] 

The capacitor line 3b and the first light blocking film 
111 are electrically connected to each other in a highly 
reliable fashion via the contact hole 13 formed in the first 
interlayer insulating film 12. The contact holes 13 for 
such a purpose may be formed such that one contact hole is 
provided for each pixel or such that one contact hole is 
provided for each group consisting of a plurality of pixels. 

[0086] 

In the case where one contact hole 13 is formed for 
each pixel, the reduction in the resistance of the capacitor 
line 3b achieved by the first light blocking film 111 is 
further enhanced, and the degree of structural redundancy 
between the first light blocking film 111 and the capacitor 
line 3b is increased. On the other hand, in the case where 
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one contact hole 13 is formed for each group consisting of a 
plurality of pixels (for example, one contact hole is formed 
for each group consisting of two or three pixels) , a 
compromise can be made properly between the benefits 
provided by the first light blocking film 111 in terms of 
the reduction in the resistance of the capacitor line 3b and 
the redundant structure and the disadvantage that formation 
of a large number of contact holes 13 makes the production 
process complicated and the production yield of the liquid 
crystal device is reduced, This feature is very useful in 
practical applications . 
[0087] 

The contact holes 13 provided for each pixel or each 
group of pixels are formed at locations under the data lines 
6a when seen from the side of the opposite substrate 20. 
This means that the contact holes 13 are formed in the first 
interlayer insulating film 12 in areas in which no TFTs 30 
and no first storage capacitor electrodes If are formed so 
that the locations of the contact holes 13 are apart from 
the open areas of the pixels. This makes it possible to 
make efficient use of the pixel area and to prevent the TFT 
30 and interconnections from encountering defects caused by 
formation of the contact holes 13. 

[0088] 

Referring again to Fig. 3, each pixel switching TFT 30 . 
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is constructed in the form of a LDD (Lightly Doped Drain) 
structure including a scanning line 3a, a channel region la f 
in a semiconductor layer la in which a channel is formed by 
an electric field applied by the scanning line 3a, an 
insulating thin film 2 for electrically isolating the 
scanning line 3a and the semiconductor layer la from each 
other, a data line 6a, a lightly doped source region (LDD 
region on the side of the source) lb and a lightly doped 
drain region (LDD region on the side of the drain) lc formed 
in the semiconductor layer la, and a heavily doped source 
region Id and a heavily doped drain region le formed in the 
semiconductor layer la, 
[0089] 

The heavily drain region le is connected to 
corresponding one of the plurality of pixel electrodes 9a. 
The source regions lb and Id and the drain regions lc and le 
are formed by doping the semiconductor layer la with a 
particular concentration of n-type or p-type dopant 
depending upon whether the channel is to be of the n or p 
type. The n-channel TFT has the advantage that it can 
operate at a high speed and thus n-channel TFTs are usually 
employed as the pixel switching TFTs 30. The data line 6a 
is formed of an opaque thin film. Specific examples of the 
opaque thin film include a metal film such as an Al film and 
an alloy film such as a metal silicide film. The second 
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interlayer insulating film 4 is formed over the scanning 
line 3a, the gate insulating film 2, and the first 
interlayer insulating film 12 wherein contact holes 5 
reaching the respective heavily doped source regions Id and 
contact holes 8 reaching the respective heavily doped drain 
regions are formed in the second interlayer insulating film 
4. The data lines 6a are electrically connected to the 
corresponding heavily doped source regions Id via the 
source-region contact holes 5. Furthermore, the third 
interlayer insulating film 7 is formed over the data lines 
6a and the second interlayer insulating film 4 wherein 
contact holes 8 for the heavily doped drain regions le are 
formed in the third interlayer insulating film 7. Each 
pixel electrode 9a is electrically connected to the 
corresponding heavily doped drain region le via the drain- 
region contact hole 8. The pixel electrodes 9a described 
above are formed on the upper surface of the third 
interlayer insulating film 7 formed in the above-described 
manner- The pixel electrode 9a and the corresponding 
heavily doped drain region le may be electrically connected 
to each other via an aluminum film formed of the same film 
as that of the data line 6a or via a polysilicon film formed 
of the same film as that of the scanning line 3b. 
[0090] 

As described above, each pixel switching TFT 30 is 
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preferably formed into the LDD structure. However, the 
pixel switching TFTs 30 may also be formed into an offset 
structure in which no impurity ions are implanted into the 
lightly doped source region lb and the lightly doped drain 
region 1c. Alternatively, the pixel switching TFTs 30 may 
be formed into a self-aligned structure which may be 
obtained by implanting high-concentration impurity ions 
using the gate electrode 3a as a mask thereby forming 
heavily doped source and drain regions in a self-aligned 
manner. 

[0091] 

Although in the present embodiment, each pixel 
switching TFT 30 has a single-gate structure in which only a 
single gate electrode (formed of a part of the scanning line 
3a) is disposed between the source region lb and the drain 
region le, two or more gate electrodes may be disposed 
between the source and drain regions. In this case, the 
same signal is applied to those two or more gate electrodes. 
In the case where the dual gate structure or the triple gate 
structure is employed, the resultant TFT has a less leakage 
current at junctions between the channel and the source and 
drain regions, and thus the current in the off-state can be 
reduced. If at least one of these gate electrodes is formed 
into the LDD or offset structure, a further reduction in the 
off-current can be achieved, and thus a highly reliable 
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switching element can be obtained. 
[0092] 

In general, if the semiconductor layer la made of the 
monocrystalline silicon layer including the channel region 
la 1 , the lightly doped source region lb, and the lightly 
doped drain region lc is illuminated with light, a 
photocurrent is generated due to the photoelectric 
conversion effect of the silicon, and such a photocurrent 
results in a change in the transistor characteristics of the 
TFT 30. In the present embodiment, to prevent the above 
problem, the data line 6a is formed of an opaque thin metal 
film such as Al so that the scanning line 3a is covered with 
the data line 6a thereby effectively preventing at least the 
channel region la f and the LDD regions lb and lc of the 
semiconductor layer la from being exposed to incident light. 
Furthermore, as described above, the first light blocking 
film 111 is disposed under each pixel switching TFT 30 so 
that at least the channel region la 1 and the LDD regions lb 
and lc of the semiconductor layer la are effectively 
prevented from being exposed to reflected light. The 
semiconductor material used to form the switching TFTs 30 
has a polycrystalline or monocrystalline structure. In the 
case where a monocrystalline semiconductor is used, the 
semiconductor layer may be formed by first adhesively 
bonding a monocrystalline silicon substrate and a supporting 
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substrate to each other and then thinning the 

monocrystalline substrate. Such a structure in which a thin 
film of monocrystalline silicon is formed on an insulating 
layer is called SOI (Silicon On Insulator) , and such a 
substrate is called a bonded SOI substrate. 
[0093] 

In the present embodiment, because the first light 
blocking film 111 is connected to the capacitor line 3b 
formed in a directly adjacent preceding or following stage, 
a capacitor line 3b for supplying the constant voltage to 
the first light blocking film 111 of pixels in the top or 
bottom line is necessary. To this end, the number of 
capacitor lines 3b may be greater by one than the number of 
pixels as counted in a vertical direction. 

[0094] 

A process of producing the liquid crystal apparatus 
with the above-described structure is described below. 
[0095] 

First, a TFT array substrate 10 made of a material such 
as quartz or hard glass is prepared. Thereafter, by means 
of sputtering, a metal layer Ml is formed over the entire 
surface of the TFT array substrate 10 and then a barrier 
layer Bl is formed thereon. Thereafter, by means of 
photolithography, a resist mask having a pattern 
corresponding to the first light blocking film 111 (Fig. 2) 
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is formed, and the metal layer Ml and the barrier layer Bl 
are etched via the resist mask thereby forming the first 
light blocking film 111 having a pattern such as that shown 
in Fig. 2. Thereafter, the remaining layers shown in Fig. 3 
are formed using known techniques, and thus a complete TFT 
array substrate 10 is obtained. 
[0096] 

The opposite substrate 20 is produced as follows. 
First, a glass substrate or the like is prepared. A second 
light blocking film 23 is formed by first sputtering 
chromium and then performing a photolithography process and 
an etching process. Thereafter, the remaining layers shown 
in Fig. 3 are formed using known techniques to obtain a 
complete opposite substrate 20. 

[0097] 

Finally, the TFT array substrate 10 and the opposite 
substrate 20, on which various layers have been formed as 
described above, are bonded to each other via a sealing 
material such that the alignment films 16 and 22 face each 
other. A liquid crystal containing two or more kinds of 
nematic liquid crystals is put into the space between the 
two substrates by means of, for example, sucking thereby 
forming a liquid crystal layer 50 with a predetermined 
thickness . 

[0098] 
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(General Structure of the Liquid Crystal Device) 

Referring to Figs. 8 and 9, the general structure of 
the liquid crystal device according to an embodiment is 
described below. Fig. 8 is a plan view, as seen from the 
side of an opposite substrate 20, of a TFT array substrate 
10 on which various elements are formed, and Fig. 9 is a 
cross-sectional view taken along ling H-H' of Fig. 7 wherein 
the opposite substrate 20 is also shown in Fig. 9. 
[0099] 

In Fig. 8, a sealing material 52 is disposed on the TFT 
array substrate 10 along the edge of the opposite substrate 
20. A third light blocking film 53 serving as a peripheral 
frame 53 formed of the same material as the second light 
blocking film 23 or a different material is disposed inside 
the sealing material 52. In an area outside the sealing 
material 52, a data line driver circuit 101 and external 
connection terminals 102 are disposed along one side of the 
TFT array substrate 10, and scanning line driver circuits 
104 are disposed along two sides adjacent to the above- 
described side. In the case where a delay in the 
propagation of the scanning signal supplied to the scanning 
lines 3a is allowed, the scanning line driver circuit 104 
may be disposed only on one side. 

[0100] 

The data line driver circuit 101 may be divided into 
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two parts and they may be disposed at two sides of the image 
displaying area. For example, one data line driver circuit 
disposed along one side of the image display area may supply 
an image signal to odd-numbered data lines 6a and the other 
data line driver circuit disposed along the opposite side of 
the image displaying area may supply an image signal to 
even-numbered data lines. When the data lines 6a are driven 
in the comb fashion as described above, it is allowed to 
expand the area where the data line driver circuit is formed 
and thus it becomes possible to employ a complicated circuit. 
[0101] 

A plurality of interconnections 105 extend along the 
remaining side on the TFT array substrate 10 so that the two 
scanning line driver circuits 104 disposed at two sides of 
the image displaying area are connected to each other via 
the interconnections 105. Furthermore, a precharging 
circuit may be formed behind the third light blocking film 
53 serving as the peripheral frame. A conducting element . 
106 is disposed, at least, at one corner of the opposite 
substrate 20 so that the TFT array substrate 10 and the 
opposite substrate 20 are electrically connected via the 
conducting element 106. As shown in Fig. 9, the opposite 
substrate 20 having an outer shape and size similar to those 
of the sealing material 52 shown in Fig. 8 is bonded to the 
TFT array substrate 10 via the sealing material 52. 
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[0102] 

Furthermore, on the TFT array substrate 10 of the 
liquid crystal device, there may be provided a test circuit 
for testing the quality or detecting a defect in the liquid 
crystal device during the production process or before 
shipment. The data line driver circuit 101 and the scanning 
line driver circuit 104 may be formed not on the TFT array 
substrate 10 but in a driver LSI mounted on a TAB (tape 
automated bonding substrate) and electrically and 
mechanically connected to the TFT array substrate 10 via an 
anisotropic conducting film. A polarizing film, an optical 
retardation film, and/or a polarizing means are properly 
disposed on the side of the opposite substrate 20 which is 
exposed to the projection light ray and also on the side of 
the TFT array substrate 10 from which the projection light 
ray emerges, depending on the operation mode such as a TN 
(twisted nematic) mode, a STN (super TN) mode, a D-STN 
(double scan STN) mode, or normally white mode/normally 
black mode. 
[0103] 

When the above-described liquid crystal device is used 
in a color liquid crystal projector (projection-type display 
device) , three similar liquid crystal devices are used as R 
(red) , G (green) , and B (blue) light valves, respectively, 
wherein light rays with different colors created by passing 
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a light ray through RGB color separation dichroic mirrors 
are passed through the respective liquid crystal devices. 
In this case, unlike the previous embodiments, no color 
filter is disposed on the opposite substrate 20. However, a 
RGB color filter with a protective film may also be formed 
on the opposite substrate 20, in proper areas corresponding 
to the pixel electrodes 9a where the second light blocking 
film 23 is not formed. This allows the liquid crystal 
device according to the embodiment described above to be 
employed in a color liquid crystal device of a type other 
than the liquid crystal projector, such as a direct-view- 
type or reflection-type color liquid crystal television set. 
Furthermore, micro lenses may be formed on the opposite 
substrate 20, at locations corresponding to the respective 
pixels so that the incident light is focused in a more 
efficient fashion thereby achieving a brighter liquid 
crystal device. Still furthermore, an interference film 
consisting of a large number of layers with. different 
refractive index may be deposited on the opposite substrate 
20 thereby forming a dichroic filter for producing a RGB 
color utilizing interference of light. By adding the 
dichroic filter to the opposite substrate, a still brighter 
color liquid crystal device can be achieved. 
[0104] 

Although in the liquid crystal device according to the 
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present embodiment, light is incident on the liquid crystal 
device from the side of the opposite substrate 20 as in the 
conventional liquid crystal devices, light may be incident 
on the device from the side of the TFT array substrate 10 
and may emerge from the side of the opposite substrate 20, 
because the light blocking film 111 is disposed on the TFT 
array substrate 10. That is, when the liquid crystal device 
is mounted on the liquid crystal projector, the channel 
region la 1 and the LDD regions lb and lc of the 
semiconductor layer la are protected from illumination of 
light and thus it is possible to display a high-quality 
image. In the conventional techniques, to prevent light, 
from being reflected at the back surface of the TFT array 
substrate 10, it is required to place polarizing means 
coated with a AR (anti-reflection) film at an outer location 
or it is required to bond a AR film to the TFT array 
substrate 10. In contrast, in the embodiments of the 
present invention, because the first light blocking film 111 
is formed between the surface of the TFT array substrate 10 
and the semiconductor layer la at least at locations 
corresponding to the channel region la 1 and the LDD regions 
lb and lc, it is unnecessary to use an anti-reflection film 
or polarizing means coated with an anti-reflection film, and 
it is also unnecessary to perform an anti-reflection process 
on the TFT array substrate 10 itself. Thus, in the present 
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embodiment, it is possible to reduce the material cost. 
Furthermore, because the polarizing means is not required, 
no reduction in the production yield due to dust or defects 
occurs during the process of bonding a polarizing plate. 
Still furthermore, the excellent light blocking property 
makes it possible to employ a bright light source or a 
polarizing beam splitter for achieving an improved light 
usage efficiency without causing degradation in the image 
quality such as light crosstalk. 
[0105] 

Furthermore, because the liquid crystal device has the 
first light blocking film 111 including the barrier layer Bl 
and the metal layer Ml, substantially no undesirable 
photocurrent is created which will occur if the light 
blocking performance of the first light blocking film 111 is 
not good enough. Thus, the obtained liquid crystal device 
can be advantageously used in an electronic device including 
a high-intensity light source. 

[0106] 

That is, because the first light blocking film 111 has 
the barrier layer Bl formed on the side facing the pixel 
switching TFTs 30, oxidation between the metal layer Ml and 
the first interlayer insulating film 12 is suppressed by the 
presence of the barrier layer Bl containing no oxygen formed 
on the metal layer Ml, during the high-temperature treatment 
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such as annealing performed, after the formation of the 
first light blocking film 111, to form the first interlayer 
insulating film 12 or the pixel switching TFT 30. Thus, a 
reduction in the light blocking ability caused by oxidation 
of the material of the metal layer Ml is prevented, and it 
is ensured that the first light blocking film 111 has high 
light blocking performance. 
[0107] 

That is, it becomes possible to employ a material 
having high light blocking performance such as Ti to form 
the metal layer Ml thereby forming the first light blocking 
film 111 having high light blocking performance. 

[0108] 

Furthermore, because a reduction in the light blocking 
ability of the first light blocking film 111 does not easily 
occur during the high-temperature treatment and the high 
light blocking ability is maintained, it is possible to 
reduce the thickness of the light blocking film 111 compared 
with the thickness of the conventional light blocking film. 
This makes it possible to form the pattern of the first 
light blocking film 111 in a shorter etching time than is 
required for the conventional light blocking film. 
Furthermore, it becomes possible to increase the life of a 
sputtering target and to reduce the amount of gas used to 
form the first light blocking film 111. 
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[0109] 

In the first light blocking film 111, by forming the 
barrier layer Bl using a preferable material selected from 
the group consisting of nitride compounds, silicon compounds, 
tungsten compounds, and silicon, it becomes possible for the 
barrier layer Bl to more effectively suppress oxidation of 
the material of the metal layer Ml, thereby more effectively 
suppressing the degradation in the light blocking 
performance of the first light blocking film 111 during the 
high-temperature treatment . 

[0110] 

Furthermore, by forming the metal layer Ml using a 
preferable material selected from the group consisting of a 
metal in the form of a simple substance or a metal compound, 
the light blocking performance of the first light blocking 
film 111 is further improved. 

[0111] 

In particular, when the material of the barrier layer 
Bl is selected from the group consisting of WSi, MoSi, TiSi, 
CoSi, and CrSi, and the material of the metal layer Ml is 
selected from the group consisting of Ti, Mo, and W, the 
material of the barrier layer serves as a donor of Si and 
the material of the metal layer Ml serves as an acceptor of 
Si. As a result, the stress caused by differences in the 
physical properties between the barrier layer Bl and the 
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metal layer Ml is reduced, and a stable relationship is 
achieved between the barrier layer Bl and the metal layer Ml. 
Thus, it becomes possible for the barrier layer Bl to more 
effectively suppress oxidation of the material of the metal 
layer Ml, thereby more effectively suppressing the 
degradation in the light blocking performance of the first 
light blocking film 111 during the high-temperature 
treatment . 

[0112] 

The stable relationship between the barrier layer Bl 
and the metal layer Ml makes it possible to prevent a crack 
from being generated in the first light blocking film 111 
during heating or cooling in the production process, and 
thus the production yield is improved. 

[0113] 

If the thickness of the barrier layer Bl is selected 
within the range from 3 to 150 nm, it is possible to 
sufficiently prevent a degradation in the light blocking 
performance due to the high- temperature treatment while 
suppressing the amount of bending of the TFT array substrate 
10, and thus the characteristics of the first light blocking 
film 111 are further improved. 

[0114] 

If the thickness of the metal layer Ml is selected 
within the range from 10 to 200 nm, sufficiently high light 



blocking performance can be obtained while suppressing the 
amount of bending of the TFT array substrate 10, and thus 
the characteristics of the first light blocking film 111 are 
still further improved. 
[0115] 
[Second Embodiment] 

A second embodiment of the present invention is 
described below with reference to Fig. 4. 
[0116] 

The present embodiment is different from the first 
embodiment in that the first light blocking film 111 
provided in the liquid crystal device shown in Fig. 3 is 
replaced with a first light blocking film 112 including, as 
shown in Fig. 4, a barrier layer B2 and a metal layer Ml, 
wherein the barrier layer B2 is formed on the TFT array 
substrate 10 and the metal layer Ml is formed on the barrier 
layer B2 . 

[0117] 

Because the present embodiment is different from the 
first embodiment only in the first light blocking film as 
described above, Fig. 4 shows only the TFT array substrate 
and the first light blocking film and does not show the 
other parts which are similar to those in the first 
embodiment . 

[0118] 
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In Fig. 4, reference numeral 10 denotes a TFT array 
substrate. On the TFT array substrate 10, there is provided 
the first light blocking film 112 comprising the barrier 
layer B2 and the metal layer M2 formed on the barrier layer 
B2 . 

[0119] 

The barrier layer B2 and the metal layer M2 of the 
first light blocking film 112 may be formed of similar 
materials with similar thicknesses to those of the barrier 
layer Bl and the metal layer Ml of the first light blocking 
film 111 according to the first embodiment. 

[0120] 

A method of producing the liquid crystal device is 
described below. First, a TFT array substrate 10 made of a 
material such as quartz or hard glass is prepared. 
Thereafter, by means of sputtering or CVD, a barrier layer 
B2 is formed over the entire surface of the TFT array 
substrate 10 and then a metal layer M2 is. formed thereon. 
Thereafter, the remaining process required to obtain a 
complete TFT array substrate 10 is performed in a similar 
manner to the first embodiment. Furthermore, an opposite 
substrate 20 is formed in a similar manner to the first 
embodiment and adhesively bonded to the TFT array substrate 
10 to construct a liquid crystal device. 

[0121] 
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The barrier layer B2 included in the first light 
blocking film 112 of the liquid crystal device suppresses 
oxidation of the surface, on the side of the barrier layer 
B2, that is, the side facing the TFT array substrate 10, of 
the metal layer M2 during the high- temperature treatment 
performed after the formation of the first light blocking 
film 112. Thus, a reduction in the light blocking ability 
caused by oxidation of the material of the metal layer M2 is 
prevented, and it is ensured that the first light blocking 
film 112 has high light blocking performance. As a result, 
it becomes possible to form the metal layer M2 having high 
light blocking performance, using a material which is 
excellent in terms of the ability to block light but which 
has been thought of as having the problem that degradation 
in the light blocking ability occurs during the high- 
temperature treatment, thereby forming the first light 
blocking film 112 having high light blocking performance. 

[0122] 

Furthermore, because the liquid crystal device has the 
first light blocking film 111 including the barrier layer Bl 
and the metal layer Ml, substantially no undesirable 
photocurrent is created which will occur if the light 
blocking performance of the first light blocking film 111 is 
not good enough. Thus, the obtained liquid crystal device 
can be advantageously used in an electronic device including 
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a high-intensity light source. 
[0123] 
[Third Embodiment] 

A third embodiment of the present invention is 
described below with reference to Fig. 5. 
[0124] 

The present embodiment is different from the first 
embodiment in that the first light blocking film 111 
provided in the liquid crystal device shown in Fig. 3 is 
replaced with a first light blocking film 113 including, as 
shown in Fig. 5, a metal layer M3 and two barrier layers B3 
and B4, wherein the metal layer M3 is formed between the 
barrier layers B3 and B4 . Because the present embodiment is 
different from the first embodiment only in the first light 
blocking film as described above, Fig. 5 shows only the TFT 
array substrate and the first light blocking film and does 
not show the other parts which are similar to those in the 
first embodiment . 

[0125] 

In Fig. 5, reference numeral 10 denotes a TFT array 
substrate. On the TFT array substrate 10, there is provided 
the first light blocking film 113 comprising the barrier 
layer B4, the metal layer M3 formed on the barrier layer B4, 
and the barrier layer B3 formed on the metal layer M3 . 

[0126] 
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Preferably, the barrier layers B3 and B4 of the first 
light blocking film 113 are formed of a material similar to 
that of the barrier layer Bl of the first light blocking 
film 111 according to the first embodiment described above. 
The thicknesses of the barrier layers B3 and B4 may be set 
to a value similar to that of the barrier layer Bl of the 
first light blocking film 111 according to the first 
embodiment described above. 

[0127] 

The metal layer M3 of the first light blocking film 113 
may be formed of a similar material with a similar thickness 
to those of the metal layer Ml of the first light blocking 
film 111 according to the first embodiment described above. 

[0128] 

A method of producing the liquid crystal device is 
described below. First, a TFT array substrate 10 made of a 
material such as quartz or hard glass is prepared. 
Thereafter, by means of sputtering, a barrier layer B4, a 
metal layer M3, and a barrier layer B3 are successively 
formed in this order from the bottom to the top over the 
entire surface of the TFT array substrate 10. Thereafter, 
the remaining process required to obtain a complete TFT 
array substrate 10 is performed in a similar manner to the 
first embodiment. Furthermore, an opposite substrate 20 is 
formed in a similar manner to the first embodiment and 
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adhesively bonded to the TFT array substrate 10 to construct 
a liquid crystal device. 
[0129] 

In the first light blocking film 113 of the liquid 
crystal device, because the metal layer M3 is sandwiched 
between the two barrier layers B3 and B4, the barrier layers 
B3 and B4 suppress oxidation of both surfaces, on the side 
of facing the TFT array substrate 10 and on the opposite 
side, of the metal layer M3 during the high-temperature 
treatment performed after the formation of the first light 
blocking film 113. Thus, a reduction in the light blocking 
ability caused by oxidation of the material of the metal 
layer M3 is prevented in a more effective manner, and it is 
ensured that the first light blocking film 113 has high 
light blocking performance. As a result, it becomes 
possible to form the metal layer M3 having high light 
blocking performance, using a material which is excellent in 
terms of the ability to block light but which has been 
thought of as having the problem that degradation in the 
light blocking ability occurs during the high- temperature 
treatment, thereby forming the first light blocking film 113 
having high light blocking performance. 

[0130] 

Furthermore, because the liquid crystal device has the 
first light blocking film 113, generation of undesirable 



- 60 - 



photocurrent, which will occur if the light blocking 
performance of the first light blocking film 113 is not good 
enough, is further suppressed, and thus the obtained liquid 
crystal device can be advantageously used in an electronic 
device including a higher-intensity light source. 
[0131] 
[Fourth Embodiment] 

A fourth embodiment of the present invention is 
described below with reference to Fig. 6. 
[0132] 

The present embodiment is different from the third 
embodiment described above in that the metal layer M3, shown 
in Fig. 5, of the first light blocking film 113 provided in 
the liquid crystal device is formed into a three-layer 
structure as shown in Fig. 6. 

[0133] 

Because the present embodiment is different from the 
third embodiment only in the first light blocking film, as 
described above, Fig. 6 shows only the TFT array substrate, 
and the first light blocking film and does not show, as in. 
the third embodiment shown in Fig. 5, the other parts which 
are similar to those in the first embodiment. 
[0134] 

In Fig. 6, reference numeral 10 denotes a TFT array 
substrate. On the TFT array substrate 10, there is provided 
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a first light blocking film 115 comprising a barrier layer 
B4, a metal layer M6, a metal layer M5, a metal layer M4, 
and a barrier layer B3, formed in this order from the bottom 
to the top. 
[0135] 

The metal layers M5 and M6 are formed of the same 
light-reflective metal in the form of a simple substance or 
a metal compound as that used to form the metal layer in the 
first embodiment. The metal layers M4 and M6 between which 
the metal layer M5 is disposed are formed of a light- 
absorbable metal compound such as TiN. 

[0136] 

Preferably, the sum of the thicknesses of the metal 
layers M4, M5, and M6 of the first light blocking film 115 
is selected to a value similar to the thickness of the metal 
layer Ml of the first light blocking film 111 according to 
the first embodiment described above. 

[0137] 

The barrier layers B3 and B4 of the first light 
blocking film 115 may be formed of similar materials with 
similar thicknesses to those of the barrier layers B3 and B4 
of the first light blocking film 113 according to the third 
embodiment described above. [0138] 

Furthermore, it is desirable that the barrier layers B3 
and B4 be formed of a material selected from the group 
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consisting of WSi, MoSi, TiSi, and CoSi, the metal layer M5 
in the center of the three-layer metal film consisting of 
the metal layers M4, M5, and M6 be formed of a material 
selected from the group consisting of Ti, Mo, and W, and the 
metal layers M6 and M4 on the sides of the respective 
barrier layers B3 and B4 be formed of a nitride of the 
material employed to form the metal layer M5 in the center. 
[0139] 

A method of producing the liquid crystal device is 
described below. First, a TFT array substrate 10 made of a 
material such as quartz or hard glass is prepared. 
Thereafter, by means of sputtering or CVD, a barrier layer 
B4, a light-reflective metal layer M6, a light-reflective 
metal layer M5, a light-absorbable metal layer M4, and a 
barrier layer B3 are successively formed in this order from 
the bottom to the top over the entire surface of the TFT 
array substrate 10. Thereafter, the remaining process 
required to obtain a complete TFT array substrate 10 is 
performed in a similar manner to the first embodiment. 
Furthermore, an opposite substrate 20 is formed in a similar 
manner to the first embodiment and adhesively bonded to the 
TFT array substrate 10 to construct a liquid crystal device. 
[0140] 

In the first light blocking film 113 of the liquid 
crystal device, because the metal layers M4, M5, and M6 are 
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disposed between the two barrier layers B3 and B4, it is 
ensured, as in the third embodiment, that no significant 
degradation occurs in the light blocking ability of the 
first light blocking film 113 during the high-temperate 
treatment performed after forming the first light blocking 
film 113 and thus it is ensured that the first light 
blocking film 115 has high light blocking performance. 
[0141] 

Because the metal layer M4 on the side of the pixel 
switching TFTs is formed of a material capable of absorbing 
light, light incident upon the metal layer M4 is absorbed 
and is not reflected back to the pixel switching TFTs. 
Furthermore, because the metal layer M6 on the side of the 
TFT array substrate 10 is formed of a material capable of 
reflecting light, it is possible to reflect light incident 
from the side of the TFT array substrate 10. Thus the first 
light blocking film 115 is capable of more effectively 
suppressing generation of undesirable photocurrent in the 
TFTs . 

[0142] 

Furthermore, the relationships between the barrier 
layers B3 and B4 and the metal layers M4, M5, and M6 become 
stable, and thus it becomes possible to prevent a crack from 
being generated in the first light blocking film 115 during 
heating or cooling in the production process, and thus the 
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production yield is improved. 
[0143] 

Furthermore, it is desirable that the barrier layers B3 
and B4 be formed of a material selected from the group 
consisting of WSi, MoSi, TiSi, and CoSi, the metal layer M5 
in the center of the three-layer metal film consisting of 
the metal layers M4, M5, and M6 is formed of a material 
selected from the group consisting of Ti, Mo, and W, and the 
metal layers M6 and M4 on the sides of the respective 
barrier layers B3 and B4 is formed of a nitride of the 
material employed to form the metal layer M5 in the center, 
so that a further reduction in the stress due to the 
differences in the physical properties among the respective 
layers is achieved. Thus, the relationships among the 
respective layers become more stable, and the benefits 
obtained by forming the metal layer into the three-layer 
structure are enhanced. 

[0144] 

Furthermore, because the liquid crystal device has the 
first light blocking film 115, generation of undesirable 
photocurrent , which will occur if the light blocking 
performance of the first light blocking film 115 is not good 
enough, is further suppressed, and thus the obtained liquid 
crystal device can be advantageously used in an electronic 
device including a higher-intensity light source. 
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[0145] 

It is not necessarily required to form the metal layer 
M6. In the case where a light blocking film formed of two 
metal layers is provided on the pixel switching TFTs, it is 
desirable that the metal layer on the side facing the TFTs 
be formed of a material capable of absorbing light. 

[0146] 
[Fifth Embodiment] 

A fifth embodiment of the present invention is 
described below with reference to Fig. 7. 

[0147] 

The present embodiment is different from the above- 
described third embodiment in that the first light blocking 
film 113 provided in the liquid crystal device shown in Fig. 
5 is replaced with a first light blocking film 114 including, 
as shown in Fig. 7, a metal layer M3, a barrier layer B5 
formed on a side, opposite to the TFT array substrate 10 
(that is, on the upper side in Fig. 7), of the metal layer 
M3, and a barrier layer B4 formed on the side, closer to the 
TFT array substrate 10 (that is, on the lower side in Fig. 
7) , of the metal layer M3, wherein the barrier layer B5 is 
formed so as to extend into an area in direct contact with 
the TFT array substrate 10 such that the side faces of the 
barrier layer B4 and the side faces of the metal layer M3 
are covered with the barrier layer B5. 
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[0148] 

Because the present embodiment is different from the 
third embodiment only in the first light blocking film as 
described above, Fig. 7 shows only the TFT array substrate 
and the first light blocking film and does not show, as in 
the third embodiment shown in Fig. 5, the other parts which 
are similar to those in the first embodiment. 
[0149] 

In Fig. 7, reference numeral 10 denotes a TFT array 
substrate. On the TFT array substrate 10, there is provided 
the first light blocking film 114 comprising the barrier 
layer B4, the metal layer M3 formed on the barrier layer B4, 
and the barrier layer B5 formed on the metal layer M3 so as 
to extend into the area in direct contact with the TFT array 
substrate 10 such that the side faces of the barrier layer 
B4 and the side faces of the metal layer M3 are covered with 
the barrier layer B5. 

[0150] 

The barrier layers B4 and B5 and the metal layer M3 of 
the first light blocking film 114 may be formed of similar 
materials with similar thicknesses to those of the barrier 
layers B3 and B4 and the metal layer M3 of the first light 
blocking film 113 according to the third embodiment descried 
above . 

[0151] 
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A method of producing the liquid crystal device is 
described below. First, a TFT array substrate 10 made of a 
material such as quartz or hard glass is prepared. 
Thereafter, by means of sputtering, a barrier layer B4 is 
formed over the entire surface of the TFT array substrate 10 
and then a metal layer M3 is formed thereon. Thereafter, by 
means of photolithography, a resist mask having a pattern 
corresponding to the first light blocking film 114 is formed, 
and the metal layer M3 and the barrier layer B4 are etched 
via the resist mask. Thereafter, the barrier layer B5 is 
formed by means of sputtering such that the metal layer M3 
and the barrier layer B4 are covered with the barrier layer 
B5. More specifically, the barrier layer B5 is formed on 
the metal layer M3 so as to extend into the area in direct 
contact with the TFT array substrate 10 such that the side 
faces of the barrier layer B4 and the side faces of the 
metal layer M3 are covered with the barrier layer B5. 
Thereafter, unnecessary portions of the part of the barrier 
layer B5 extending in the area in direct contact with the 
TFT array substrate 10 are removed by means of etching in 
combination with photolithography so as to form the first 
light blocking film 114 shown in Fig. 7. Thereafter, the 
remaining process required to obtain a complete TFT array 
substrate 10 is performed in a similar manner to the first 
embodiment. Furthermore, an opposite substrate 20 is formed 
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in a similar manner to the first embodiment and adhesively 
bonded to the TFT array substrate 10 to construct a liquid 
crystal device. 
[0152] 

In the first light blocking film 114 of the liquid 
crystal device, because the metal layer M3 is sandwiched 
between the two barrier layers B4 and B5, it is ensured, as 
in the third embodiment, that no significant degradation 
occurs in the light blocking ability of the first light 
blocking film 114 during the high-temperate treatment 
performed after forming the first light blocking film 114, 

[0153] 

Furthermore, because the barrier layer B5 is formed on 
the metal layer M3 so as to extend into the area in direct 
contact with the TFT array substrate 10 such that the side 
faces of the barrier layer B4 and the side faces of the 
metal layer M3 are covered with the barrier layer B5, the 
barrier layer B5 more effectively suppresses oxidation of 
the side faces of the metal layer M3 during the high- 
temperature treatment performed after the formation of the 
first light blocking film 114, and thus a reduction in the 
light blocking ability caused by oxidation of the material 
of the metal layer M3 is prevented in a more effective 
manner, and it is ensured that the first light blocking film 
114 has high light blocking performance. 
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[0154] 

Furthermore, because the liquid crystal device has the 
first light blocking film 114, generation of undesirable 
photocurrent, which will occur if the light blocking 
performance of the first light blocking film 114 is not good 
enough, is further suppressed and thus the obtained liquid 
crystal device can be advantageously used in an electronic 
device including a higher-intensity light source. 

[0155] 

In the present invention, the light blocking film may 
be formed such that the metal layer M3 and the barrier layer 
B4 are disposed between the barrier layer B5 and the TFT 
array substrate 10, as in the fifth embodiment described 
above. However, alternatively, the metal layer M3 and the 
barrier layer B4 shown in Fig. 7 may be replaced with, for 
example, one of the first light blocking films 111, 112, 113, 
and 114 according to the first to fourth embodiments. 

[0156] 

In this case, the first light blocking film 111, 112, 
113, or 114 and the side faces thereof are covered with the 
barrier layer B5, and thus the degradation in the light 
blocking ability caused by oxidation of the material of the 
metal layer can be prevented in a more effective fashion, 
and thus it is ensured that the first light blocking film 
has higher light blocking performance. 
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[0157] 

Although the light blocking film according to the 
present invention is advantageously used as the first light 
blocking film in the liquid crystal device in the 
embodiments described above, the light blocking film 
according to the present invention may also be used as a 
second light blocking film, 

[0158] 

The light blocking layer described in the first, to 
fifth embodiments may be formed in a proper layer above the 
pixel switching TFTs . For example, the light blocking layer 
may be formed in a layer between the pixel switching TFTs 
and the data lines. 

[0159] 
(Electronic Device) 

As an example of an electronic device using the liquid 
crystal device according to one of the above-described 
embodiments, a projection type display device is described 
below with reference to Fig, 10, As shown schematically in 
Fig. 10, the projection type display device 1100 includes 
three liquid crystal devices 962R, 962G, and 962B obtained 
according to one of the embodiments described above, wherein 
an optical system is formed by the liquid crystal devices 
962R, 962G, and 962B serving as R, G, and B liquid crystal 
devices, respectively. The optical system of the projection 
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type display device of the present embodiment also includes 
a light source 920 and an uniform-illumination optical 
system 923. The projection type display device also 
includes a color separation optical system 924 serving as 
color separation means for separating a light ray W emerging 
from the uniform-illumination optical system 923 into light 
rays of red (R) , green (G) , and blue (B) , three light valves 
925R, 925G, and 925B serving as modulation means for 
modulating the respective light rays R, G, and B, a color 
mixing prism 910 serving as color mixing means for mixing 
the modulated color light rays, and a projection lens unit 
906 serving as projection means for projecting the mixed 
light ray onto the surface of a projection screen 100 so as 
to form an enlarged image. The projection type display 
device also includes an optical transmission system 927 for 
transmitting the blue light ray B to the light valve 925B. 
[0160] 

The uniform-illumination optical system 923 includes 
two lens plates 921 and 922 and a reflective mirror 931, 
wherein the tow lens plates 921 and 922 are disposed such 
that they are oriented in directions perpendicular to each 
other, and the reflective mirror 931 is disposed between the 
two lens plates 921 and 922. Each of the two lens plates 
921 and 922 of the uniform-illumination optical system 923 
includes a plurality of rectangular lenses arranged in the 
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form of a matrix. The light ray emitted from the light 
source 920 is divided by the rectangular lenses of the first 
lens plate 921 into a plurality of sub light rays. The sub 
light rays are then superimposed near the three light valves 
925R, 925G, and 925B by the rectangular lenses of the second 
lens plate 922. Thus, use of the uniform-illumination 
optical system 923 makes it possible to uniformly illuminate 
the three light valves 925R, 925G, and 925B with 
illumination light even when the light ray emitted from the 
light source 920 is not uniform in intensity distribution in 
cross section. 
[0161] 

The color separation optical system 924 includes a 
blue/green reflective dichroic mirror 941, a green 
reflective dichroic mirror 942, and a reflective mirror 943. 
First, a blue light ray B and a green light ray G contained 
in the light ray W are reflected by the blue/green 
reflective dichroic mirror 941 into a perpendicular 
direction toward the green reflective dichroic mirror 942. 
A red light ray R is passed through the mirror 941 and is 
reflected by the reflective mirror 943 located behind the 
mirror 941 into a perpendicular direction and is output 
toward the prism unit 910 via an output element 944 for 
outputting the red light ray R. 

[0162] 
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On the other hand, of the blue light ray B and the 
green light ray G reflected by the blue/green reflective 
dichroic mirror 941, only the green light ray G is reflected 
by the green reflective dichroic mirror 942 into a 
perpendicular direction and is output toward the color 
mixing system via an output element 945 for outputting the 
green light ray G. The blue light ray B is passed through 
the green reflective dichroic mirror 942 and is output 
toward the optical transmission system 927 via an output 
element 946 for outputting the blue light ray B. In this 
specific embodiment, the color separation optical system 924 
is formed such that the distances from the output element 
for outputting the light ray W of the uniform-illumination 
optical element to the respective output elements 944, 945, 
and 946 for outputting the respective color light rays 
become substantially equal. 
[0163] 

In the color separation optical system 924, condenser 
lenses 951 and 952 are disposed on the outer sides of the 
respective output elements 944 and 945 for outputting the 
red light ray R and the green light ray G, respectively. 
Thus, the red and green light rays R and G output via the 
corresponding output elements are collimated through the 
condenser lenses 951 and 952, respectively. 

[0164] 
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The collimated red and green light rays R and G are 
then incident upon the light valves 925R and 925G, 
respectively, and modulated thereby. As a result, image 
information is added to the respective color light rays. 
That is, these liquid crystal devices are controlled by 
driving means (not shown) such that they are switched in 
accordance with the image information thereby modulating the 
respective color light rays passing therethrough. On the 
other hand, the blue light ray B is transmitted to the light 
valve 925B via the optical transmission system 927 and is 
modulated by the light valve 925B in accordance with the 
image information. In the present embodiment, the light 
valves 925R, 925.G, and 925B respectively include input 
polarization means 960R, 960G, and 960B, output polarization 
means 961R, 961G, and 961B, and liquid crystal devices 962R, 
962G, and 962B disposed between the corresponding input 
polarization means and output polarization means. 

[0165] 

The optical transmission system 927 includes a 
condenser lens 954 disposed on the outer side of the output 
element 94 6 for outputting the blue light ray B, an input 
reflective mirror 971, an output reflective mirror 972, an 
intermediate lens 973 disposed between these reflective 
mirrors, and a condenser lens 953 disposed in front of the 
light valve 925B. The blue light ray B output via the 
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condenser lens 94 6 is transmitted to the liquid crystal 
device 962B via the optical transmission system 927 and is 
modulated thereby. Of the lengths of the optical paths of 
the respective color light rays, that is, of the distances 
from the output element for outputting the light ray W to 
the respective liquid crystal devices 962R, 962G, and 962B, 
the optical path of the blue light ray B is the longest, and 
thus the blue light ray encounters the greatest transmission 
loss. The use of the optical transmission system 927 
minimizes the transmission loss of light. 
[0166] 

After being modulated by the light valves 925R, 925G, 
925B, the respective color light rays R, G, and B are 
incident upon the color mixing prism 910 and mixed together 
thereby. The mixed light ray output from the color mixing 
prism 910 is projected via the projection lens unit 906 onto 
the surface of the projection screen 100 disposed at a 
predetermined location thereby forming an enlarged image on 
the screen. 

[0167] 

In the present embodiment, because each of the liquid 
crystal devices 962R, 962G, and 962B has a light blocking 
film disposed under TFTs, the channels of the TFTs for 
switching the pixel electrodes are sufficiently protected 
from illumination of light, even if projection light from 
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the liquid crystal devices 962R, 962G, 962B is reflected in 
the projection optical system in the liquid crystal 
projection, or if light is reflected from the surface of the 
TFT array substrate when the projection light passed 
therethrough, or if projection light emitted from other 
liquid crystal devices partially leaks from the projection 
optical system and is incident as returning light upon the 
TFT array substrate. This makes it possible for the 
electronic device to use a high-intensity light source 
without causing generation of an undesirable photocurrent. 
[0168] 

Furthermore, when a small-sized prism unit is employed 
in the projection optical system, it is unnecessary to 
provide an additional film for blocking the returning light 
at locations between the prism unit and the respective 
liquid crystal devices 962R, 962G, and 962B and it is 
unnecessary to perform a return light prevention process 
upon the polarization means. This feature is very useful to 
achieve a small-sized and simplified construction. 

[0169] 

In the present embodiment, because the effects of 
return light upon the channel regions of TFTs are suppressed, 
it is unnecessary that the polarizing means 961R, 961G, and 
961B subjected to return light prevention processing be 
bonded directly to the corresponding liquid crystal devices. 



- 77 - 



This makes it possible to dispose the polarizing means at 
locations apart from the liquid crystal devices. More 
specifically, it becomes possible to adhesively bond the 
polarizing means 961R, 961G, and 961B to the prism unit 910 
and to adhesively bond the other polarizing means 960R, 960G, 
and 960B to the respective condenser lenses 953, 945, and 
944. The adhesive bonding of the polarizing means to the 
prism unit or the condenser lenses makes it possible for 
heat in the polarizing means to be absorbed by the prism 
unit or the condenser lenses, and thus an increase in 
temperature of the liquid crystal devices is prevented. 
[0170] 

Although not shown in the figures, if the liquid 
crystal devices are disposed apart from the polarizing means, 
air layers are created between the liquid crystal devices 
and the polarizing means, and thus it is possible to prevent 
an increase in temperature of the liquid crystal devices in 
a more effective manner by sending cooling air in the spaces 
between the liquid crystal devices and the polarizing means 
using cooling means, thereby preventing an incorrect 
operation due to the increase in the temperature of the 
liquid crystal devices* 
[0171] 
[Examples] 

Results of evaluations of the present invention are 
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described in detail below with reference with specific 
examples . 

[0172] 

[Evaluation Example 1: Relationship between the film 
thickness of the barrier layer and the transmittance] 
Fig. 11 shows the result of evaluation. 
[0173] 

In this evaluation, a light blocking film consisting of 
a lower barrier layer formed of WSi, a metal layer formed of 
Ti, and an upper barrier layer formed of WSi was disposed on 
an insulating substrate, and an insulating layer was then 
formed on the light blocking film. The thickness of the 
upper barrier layer was fixed at 25 nm and the thickness of 
the metal layer was fixed at 50 nm. On the other hand, the 
thickness of the lower barrier layer was varied in the range 
from 0 to 40 nm, and the obtained samples were evaluated. 
The evaluation was performed by measuring the transmittance 
(Y value at 550 nm) after annealing the insulating layer at 
1020°C, and plotting the transmittance (Y value at 550 nm) 
as a function of the thickness of the lower barrier layer. 

[0174] 

When the thickness of the lower barrier layer was 0 nm, 
the metal layer was oxidized through a reaction between the 
metal layer and the insulating substrate, and thus an oxide 
film was formed on the metal layer. In this case, the 
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measured transmittance was 1.6%. By way of comparison, a 
light blocking film formed of WSi with a thickness of 200 nm 
showed transmittance of 1.2%. 
[0175] 

When the thickness of the lower barrier layer was 3 nm, 
a transmittance lower than 1.2% was obtained, and the 
transmittance for the lower barrier layer with a thickness 
of 5 nm was 1.0%. When the thickness was 25 nm, as low 
transmittance as 0.6% was obtained, and excellent light 
blocking performance was achieved. When the thickness of 
the lower barrier layer is set to 3 nm, the total thickness 
of the light blocking film becomes 78 nm. Even when the 
thickness of the lower barrier layer is set to 40 nm, the 
total thickness is as small as 115 nm, which is much thinner 
than is required for the light blocking film formed of WSi. 
This results in a small difference in level created by steps 
in the alignment film on the TFT array substrate. It has 
been experimentally confirmed that the small difference in 
level allows a reduction in alignment failures of the liquid 
crystal. 

[0176] 

[Evaluation Example 2: Relationship between the 
transmittance and the film thickness of the metal layer with 
the structure according to the first embodiment] 
Fig. 12 shows the result of evaluation. 
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[0177] 

In this evaluation, a light blocking film consisting of 
a metal layer of Ti and a barrier layer of WSi was formed on 
an insulating substrate, and an insulating layer was then 
formed on the light blocking film. The thickness of the 
metal layer was varied in the range from 50 to 150 nm such 
that the total thickness of the light blocking film became 
equal to 200 nm, and the obtained samples were evaluated. 
The evaluation was performed by measuring the transmittance 
(Y value at 550 nm) after annealing the insulating layer at 
680°C and plotting the measured transmittance (Y value at 
550 nm) as a function of the thickness of the metal layer. 
Measurement of the transmittance was performed at five 
points on the surface of each sample, and mean values 
thereof were calculated. 

[0178] 

Although in this structure, the barrier layer was 
formed only on the surface, in contact with the insulating 
film which was subjected to the high-temperature heat 
treatment, of the metal layer, very low transmittance such 
as about 0.005% was obtained for the sample in which the 
thickness of the metal layer was set to 50 nm. That is, 
excellent light blocking performance was achieved. When the 
thickness of the metal layer was set to be greater than 100 
nm, the transmittance was substantially equal to zero. 
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[0179] 

[Evaluation Example 3: Relationship between the 
transmittance and the film thickness of the metal layer with 
the structure according to the second embodiment] 
Fig. 13 shows the result of evaluation. 
[0180] 

In this evaluation, a light blocking film consisting of 
a barrier layer of WSi and a metal layer of Ti was formed on 
an insulating substrate, and an insulating layer was formed 
on the light blocking film. The thickness of the metal 
layer was varied in the range from 50 to 150 nm such that 
the total thickness of the light blocking film became equal 
to 2 00 nm, and the obtained samples were evaluated. The 
evaluation was performed by measuring the transmittance (Y 
value at 550 nm) after annealing the insulating layer at 
680°C and plotting the measured transmittance (Y value at 
550 nm) as a function of the thickness of the metal layer. 
Measurement of the transmittance was performed at five 
points on the surface of each sample, and mean values 
thereof were calculated. 

[0181] 

Although in this structure, the barrier layer was 
formed only on the surface, in contact with the insulating 
substrate, of the metal layer, very low transmittance such 
as about 0.015% was obtained for the samples in which the 
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thickness of the metal layer was set to 50 nm. That is, 
excellent light blocking capability was achieved compared 
with the light blocking film formed of 200 nm thick WSi. 
When the thickness of the metal layer was set to 150 nm, the 
transmittance was substantially equal to zero. 
[0182] 

[Evaluation Example 4: Relationship between the 
transmittance and the film thickness of the metal layer with 
the structure according to the third embodiment] 
Fig. 14 shows the result of evaluation. 
[0183] 

In this evaluation, a light blocking film consisting of 
a lower barrier layer of WSi, a metal layer of Ti, and an 
upper barrier layer of WSi was formed on an insulating 
substrate, and an insulating layer was formed on the light 
blocking film. The thickness of the upper barrier layer and 
the thickness of the lower barrier layer were fixed at 50 nm, 
and the thickness of the metal layer was varied in the range 
from 10 to 100 nm. The obtained samples were evaluated by 
measuring the transmittance (Y value at 550 nm) after 
annealing the insulating layer at 680°C and plotting the 
measured transmittance (Y value at 550 nm) as a function of 
the thickness of the lower barrier layer. Measurement of 
the transmittance was performed at five points on the 
surface of each sample, and mean values thereof were 
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calculated. 
[0184] 

Very low transmittance such as about 0.020% was 
obtained for the samples in which the thickness of the metal 
layer was set to 10 nm. When the thickness of the metal 
layer was set to be greater than 50 nm, the transmittance 
became substantially equal to zero. That is, excellent 
light blocking performance was achieved. 
[0185] 

The evaluations have revealed that the light blocking 
film according to the present invention has better light 
blocking performance than the light blocking film formed of 
WSi. The evaluations have also revealed that the thickness 
of the light blocking film can be reduced and thus it is 
possible to reduce the amount of bending of the insulating 
film caused by the presence of the light blocking film. 
[0186] 
[Advantages] 

In the light blocking film according to the present 
invention, as described in detail above, even if a high- 
temperature treatment is performed after forming the light 
blocking film, oxidation of the metal layer of the light 
blocking film is suppressed by the presence of the barrier 
layer formed of a refractory metal or a refractory metal 
compound containing no oxygen on the surface in contact with 
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the insulating film such as Si0 2 containing oxygen, and thus 
the light blocking film maintains good light blocking 
performance . 
[0187] 

In particular, when such a light blocking film is 
provided on a substrate for use in an electrooptical device 
or provided in an electrooptical device, pixel switching 
elements are prevented from encountering generation of an 
undesirable photocurrent. Furthermore, the difference in 
level caused by the presence of the light blocking film can 
be minimized, and thus it is possible to provide a substrate 
for use in an electrooptical device and an electrooptical 
device capable of displaying a high-quality image* 
[Brief Description of the Drawings] 
[Fig. 1] 

Fig. 1 is a diagram showing an equivalent circuit of 
interconnections and various elements of pixels disposed in 
the form of an array in an image display area of a liquid 
crystal device according to an embodiment of the present 
invention . 
[Fig. 2] 

Fig. 2 is a plan view illustrating a plurality of 
adjacent pixels on a TFT array substrate of a liquid crystal 
device according to the embodiment, wherein data lines, 
scanning liens, and pixel electrodes are formed on the TFT 
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array substrate. 
[Fig. 3] 

Fig. 3 is a cross-sectional view taken along line A-A' 
of Fig. 2. 
[Fig. 4] 

Fig. 4 is a diagram illustrating another example of a 
light blocking film according to the present invention. 
[Fig. 5] 

Fig. 5 is a diagram illustrating still another example 
of a light blocking film according to the present invention. 
[Fig. 6] 

Fig. 6 is a diagram illustrating still another example 
of a light blocking film according to the present invention. 
[Fig. 7] 

Fig. 7 is a diagram illustrating still another example 
of a light blocking film according to the present invention. 
[Fig. 8] 

Fig. 8 is a plan view, as seen from the side of an 
opposite substrate, of a liquid crystal device including a 
TFT array substrate on which various elements are formed, 
according to an embodiment of the present invention. 
[Fig. 9] 

Fig. 9 is a cross-sectional view taken along line H-H' 
of Fig. 8. 
[Fig. 10] 
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Fig. 10 is a schematic diagram of a projection-type 
display device which is an example of an electronic device 
using a liquid crystal device. 
[Fig. 11] 

Fig. 11 is a graph illustrating the relationship 
between the film thickness and the transmittance of a 
barrier layer. 
[Fig. 12] 

Fig. 12 is a graph illustrating the relationship 
between the film thickness and the transmittance of a metal 
layer . 

[Fig. 13] 

Fig. 13 is a graph illustrating the relationship 
between the film thickness and the transmittance of a metal 
layer . 

[Fig. 14] 

Fig. 14 is a graph illustrating the relationship 
between the film thickness and the transmittance of a metal 
layer. 

[Fig. 15] 

Fig. 15 is a diagram illustrating a cross-sectional 
structure of a pixel of a conventional liquid crystal device. 
[Reference Numerals ] 

la: semiconductor layer 
la 1 : channel region 
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lb: lightly doped source region (LDD region on the 
side of a source) 

lc: lightly doped drain region (LDD region on the side 
of a drain) 

Id: heavily doped source region 

le: heavily doped drain region 

10: TFT array substrate 

11a, 111, 112, 113, 114, 115: first light blocking 

film 

12: first interlayer insulating film 
Ml, M2, M3, M5, M6 : metal layer 
Bl, B2, B3, B4 : barrier layer 
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[Name of Document] ABSTRACT 
[Abstract] 

[Object] An object is to provide a light blocking film 
having excellent light blocking performance. Another object 
is to provide a substrate having a high-performance light 
blocking film for use in an electrooptical apparatus. It is 
still another object of the present invention to provide an 
electrooptical apparatus and an electronic device. 

[Solving Means] A light blocking film 111 includes a 
barrier layer B2 and a metal layer Ml, wherein the barrier 
layer Bl is formed of a material selected from the group 
consisting of a refractory nitride compound, silicon 
compound, tungsten compound, tungsten, and silicon, and the 
metal layer Ml is formed of a metal in the form of a simple 
substance or a metal compound, whose capability of blocking 
light is degraded when being oxidized. 
[Selected Figure] Fig. 3 



